Raninoida, also known as "frog crabs," is a clade of extant true crabs (Brachyura) characterized by a fusiform carapace (raninid-type), narrow thoracic sternum, pleon partially exposed dorsally, and paddle-like limbs, all of which are well suited to their cryptic burrowing lifestyle. However, the most basal raninoids from the Cretaceous were morphologically different, with ornamented carapaces that were wider than long (necrocarcinid-type), a broader thoracic sternum, and the pleon fitting between the legs assisted by pleonal locking mechanisms. During Albian times (∼112 to 99.6 Ma.) both body plans flourished worldwide. In contrast, pre-Albian (older than ∼112 Ma.) fusiform families have not yet been reported. The discovery of Notopocorystes kerri n. sp., a fusiform crab from the upper Aptian (∼115 Ma.) of Colombia, South America, and the re-examination of Planocarcinus olssoni (Rathbun, 1937) n. comb., a necrocarcinidlike crab from the same age and locality, extend the record of the two body plans back into the Aptian of the equatorial Neotropics. Notopocorystes kerri is the oldest fusiform raninoid known to date, revealing that the morphological innovation of a fusiform carapace was already evolved in Raninoida before the rapid radiation experienced during Albian times. Our findings are suggestive of a still unresolved Palaeocorystidae, containing the rootstock for the post-Aptian Raninidae/Symethidae clade, with the most basal palaeocorystids lying in proximity to, and possibly derived from, a necrocarcinid-like ancestor.
INTRODUCTION
The monophyletic Raninoida constitute one of the five major clades of extant true crabs within the Infraorder Brachyura Linnaeus, 1758 (Karasawa et al., 2011) . They are a group of marine crabs adapted for inhabiting soft and sandy bottoms across a wide bathymetric range, and are distributed throughout the tropical to low-latitude temperate regions of the world. Superfamily Raninoidea De Haan, 1839, is comprised of six families ranging in age from the Early Cretaceous to the present. Only two families, Raninidae De Haan, 1839 and Symethidae Goeke, 1981 , have living representatives. Palaeocorystidae Lőren-they (in Lőrenthey and Beurlen, 1929) , is the only family restricted to the Cretaceous, and shares with raninids and symethids the characteristic 'frog-like' body plan, with an elongated, fusiform carapace and the lack of pleonal locking mechanisms (Karasawa et al., 2011) . In contrast, Camarocarcinidae Feldmann, Li, and Schweitzer, 2007; Cenomanocarcinidae Guinot, Vega, and Van Bakel, 2008; and Necrocarcinidae Förster, 1968 , known from the Cretaceous and Paleogene, possess a very different body plan with rounded to wide hexagonally shaped carapaces, usually very ornamented dorsally and laterally, and most having pleonal locking mechanisms. Despite this strong difference in cara- A, Palaeocorystidae allied to the Cenomanocarcinidae/Necrocarcinidae clade; B, Palaeocorystidae allied to the Raninidae/Symethidae clade; C, Palaeocorystidae in an unresolved polytomy between the Cenomanocarcinidae/Necrocarcinidae and the Raninidae/Symethidae clades. Base tree topology for the Raninoida clade after Karasawa et al. (2011: fig. 3 ).
and 31 species known from North America, northern Central America, northern South America, Europe, the Middle East, China, Japan, New Zealand, and Madagascar (Table 1) . Although Early Cretaceous raninoids are well known from high latitudes, records from low latitudes are scarcely known, precluding a global understanding of its biogeographic distribution prior to their Albian diversification. Here we re-examine the type material of Dakoticancer olssoni Rathbun, 1937 , from the upper Aptian (∼115 Ma.) Paja Formation of Colombia, northern South America, and describe Notopocorystes kerri n. sp. from the same unit and age, extending considerably the geological and paleobiogeographic ranges of the two raninoid body plans into the Aptian of the Neotropics. Based on the new information, we address different hypotheses for the systematic placement of the oldest members of Palaeocorystidae, and discuss their plausible relationships with the ancient necrocarcinid-type taxa and the more derived raninoid-like clade.
LOCALITY AND STRATIGRAPHY
The specimens of Planocarcinus olssoni n. comb. and Notopocorystes kerri n. sp. were discovered in Lower Cretaceous rocks of the Aptian Paja Formation, cropping out between the town of San Gil and the village of Curití, Department of Santander, Cordillera Oriental, Colombia, about 60 km south of the city of Bucaramanga, and approximately 125 km northeast of the city of Tunja ( Fig. 2A) . The Paja Formation was originally named by Wheeler (in Morales et al., 1958) to describe the packages of gray fossiliferous shales, with intercalations of yellow-grayish finegrained sandstones, gray fossiliferous limestones, and calcareous concretions exposed along La Paja Creek between Bucaramanga and San Vicente de Chucurí, and overlain by the gray fossiliferous limestones and gray shales of the upper Aptian-lower Albian Tablazo Formation (Julivert, 1968; Etayo-Serna, 1979; Pulido, 1979 Pulido, , 1995 Royero and Clavijo, 2001; Vega et al., 2010) . In the area of study, the Paja Formation is largely covered by vegetation and agricultural crops, with poor and patchy exposure of rocks.
The holotype of Notopocorystes kerri was recovered from shales of the upper portion of the Paja Formation along the San Gil/Bucaramanga main road, highway 45A, approximately 300 meters southwest of the junction with the road leading to Curití (Latitude 6.59621, Longitude −73.09146) (Fig. 2B ), in association with abundant bivalves and gastropods of small size (∼4 mm to 50 mm) such as Corbula sp., Astarte sp., ?Crassatella aequalis Gerhardt, 1897, Chenopus (Tessarolax) bicarinata var. evolutior Jaworski, 1938, ?Liopista (Psilomya) gigantea (Sowerby, 1818) in Woods, 1909 , and ?Clementia ricordeana Orbigny, 1845 , in Woods, 1909 (Etayo-Serna, personal communication, 2011 . The gastropod Turritella (Haustator) columbiana Jaworski, 1938 , and the ammonite Acanthohoplites eleganteante Etayo-Serna, 1979, were recovered stratigraphically below the level bearing decapod remains, and indicate an upper Aptian age in Colombia (Etayo, 1979; Kakabadze et al., 2004; Cortés et al., 2006; Etayo-Serna, personal communication, 2011) . In the case of P. olssoni, the exact stratigraphic position is not certain, since the only historical mention of its geographic provenance is ". . .near junction of branch road leading to the village of Curití, Eastern Cordillera, from the main auto road from San Gil to Bucaramanga" (Rathbun, 1937: p. 27) (Vega et al., 2010) . Nevertheless, the only rock outcroppings near this junction are middle to upper Aptian shales of the upper Paja Formation, and upper Aptian limestones of the lower Tablazo Formation (Fig. 2B) , suggesting a middle to late Aptian age for P. olssoni.
SYSTEMATICS
Illustrated specimens are deposited in the collection of IN-GEOMINAS, Museo Geológico José Royo y Gómez, Bogotá DC, Colombia, under the acronym IGM; the National Museum of Natural History, Smithsonian Institution, Washington, D.C., United States, under the acronym USNM; Natural History Museum, London, England, under the acronym BMNH; National Museum of Nature and Science, Tokyo, Japan (formerly National Science Museum, Tokyo), under the acronym NSM-PA; and Sedgwick Museum, Cambridge University, UK, under the acronym SM. Schweitzer et al., 2010; Karasawa et al., 2011 (Rathbun, 1935) Texas, USA X Guinot, Vega, and Van Straelen, 1936 C. oklahomensis (Rathbun, 1935) 
C. renfroae (Stenzel, 1945) Texas, USA; Colombia X C. vanstraeleni Stenzel, 1945 Texas Rathbun, 1935 Texas, USA X N. undecimtuberculatus Japan X Takeda and Fujiyama, 1983 N. woodwardi Bell, 1863 Great Britain X Paranecrocarcinus P. graysonensis (Rathbun, 1935) Texas, USA X Van Straelen, 1936a P. hexagonalis Van Straelen, 1936 France X? X? X? P. kennedyi Wright, 1997 South Africa X P. moseleyi (Stenzel, 1945) Texas, USA X Planocarcinus n. gen. P. olssoni (Rathbun, 1937) Colombia X Pseudonecrocarcinus P. scotti (Stenzel, 1945) Texas, USA X Förster, 1968 P. stenzeli Bishop, 1983 Texas, USA X Palaeocorystidae Cretacoranina C. punctata (Rathbun, 1935a) Rathbun, 1935a Texas, USA X N. stokesii (Mantell, 1844) England X N. xizangensis Wang, 1981 Lhasa, China; Iran X Rathbun, 1935 Texas, USA X Edwards, 1862 R. atava Carter, 1898 England X R. mucronata Rathbun, 1935 Texas, USA X Diagnosis.-Carapace subcircular in outline, slightly wider than long, with distinct cervical, postcervical, and branchiocardiac grooves; fronto-orbital margin as long as posterior margin; rostrum bilobate, spatulate, wider than long; orbits somewhat narrow, upturned, bearing two short orbital fissures; anterolateral margin concave, bearing at least five spines; posterolateral margin convex, lacking spines; posterior margin straight; hepatic region depressed; metabranchial region swollen, lacking nodules or ridges.
Etymology.-The generic name is derived from the Latin word 'planus' (plane, flat), given its dorso-ventrally flattened carapace, and the Greek word 'karkinos' (crab).
Occurrence.-Upper part of Paja Formation, upper Aptian, between the village of Curití and the town of San Gil, Cordillera Oriental, Department of Santander, Colombia.
Remarks.-The specimen named by Rathbun (1937) as Dakoticancer olssoni, is herein ascribed to Planocarcinus n. gen., as it strongly contrasts from any known dakoticancroid crab in the general configuration of the rostrum and orbits, the carapace regions and dorsal grooves, the protogastric tubercles anterior to the cervical groove, and the presence of anterolateral spines (Weller, 1905 (Weller, , 1907 Rathbun, 1917 Rathbun, , 1935 Kesling and Reimann, 1957; Glaessner, 1969; Bishop, 1972 Bishop, , 1974 Bishop, , 1983b Bishop, , 1986 Bishop, , 1988 Vega and Feldmann, 1991; Vega et al., 1995; Bishop et al., 1998; Artal et al., 2008; Karasawa et al., 2011) (Fig. 3A-C) . Any affinity with the dakoticancroids, contrary to Rathbun (1937) , is ruled out. Assignment of Planocarcinus to Necrocarcinidae is supported by exhibiting a carapace that is about as long as wide, with regions and grooves well defined, bearing tubercles on the protogastric region, the rostrum relatively narrow, sulcate, bilobate, and with small orbits (Schweitzer and Feldmann, 2000; Schweitzer et al., 2003; Karasawa et al., 2011) . Planocarcinus shares with Necrocarcinus Bell, 1863, and its type species Necrocarcinus labeschei (EudesDeslongchamps, 1835) ( Fig. 3D ), the generally circular carapace nearly as wide as long, bearing complete and somewhat parallel cervical and branchiocardiac grooves, the relatively small, round, and upturned orbits directed forward, provided with two orbital fissures and small orbital spines (Bell, 1858; Carter, 1898; Förster, 1968; Wright and Collins, 1972; Schweitzer et al., 2003) . Such similarities suggest affinity to Necrocarcinus, as previously noticed by Feldmann et al. (1999) . However, Planocarcinus strongly differs from Necrocarcinus in the flattened and smooth dorsal carapace, devoid of well-developed axial and metabranchial rows of tubercles or ridges, the shape, size, and width of the spinose and spatulate rostrum, and the straight posterior margin. Planocarcinus also differs from necrocarcinid genera as Corazzatocarcinus Larghi, 2004 , Shazella Collins and Williams, 2004 , Polycnemidium Reuss, 1845 , and most Paranecrocarcinus Van Straelen, 1936 , and Pseudonecrocarcinus Förster, 1968 , in the roundish, convex nature of the anterolateral and posterolateral margins rather than con- cave or nearly straight, the dorsal carapace depleted of ridges or rows of tubercles, the lack of pustulose ornamentation, and the carapace flattened dorso-ventrally (Fritsch and Kafka, 1887; Van Straelen, 1936; Stenzel, 1945; Roberts, 1962; Wright and Collins, 1972; Bishop, 1983a; Collins and Williams, 2004; Larghi, 2004; Collins, 2010; Jagt et al., 2010; Breton and Collins, 2011) . Planocarcinus also can be differentiated from Cristella Collins and Rasmussen, 1992 , based on the subhexagonal outline, the rostrum narrow and pointed, and the strongly produced epibranchial spine that characterize the latter. Vega et al. (2010) synonymized Necrocarcinus olssoni with Orithopsis tricarinata Bell, 1863, but the distinctive metabranchial longitudinal ridges, the wider than long hexagonal carapace (Schweitzer et al., 2003; Števčić, 2005) , with 'concave' anterolateral and straight posterolateral margins (Vega et al., 2010) , and the long, distinctive rostral and orbital spines (Schweitzer and Feldmann, 2000; Guinot et al., 2008) present in the monotypic Orithopsidae are not seen in the sole specimen of P. olssoni, precluding kinship with this family at this point. The systematic position of Orithopsidae is still unresolved, and has been traditionally associated with either the eubrachyuran Superfamily Dorippoidea MacLeay, 1838 (Glaessner, 1969; Schweitzer et al., 2003 Schweitzer et al., , 2010 De Grave et al., 2009) ; or the podotreme Superfamily Raninoidea, particularly Necrocarcinidae and Cenomanocarcinidae stocks (Schweitzer and Feldmann, 2000; Schweitzer et al., 2003; Guinot et al., 2008; Vega et al., 2010) . Despite this, the well-preserved sterna referred to 'Orithopsis tricarinata' by Guinot et al. (2008) , from the upper Albian Greensand of England, and Vega et al. (2010) , from the upper Albian Hudspeth Formation of Oregon, USA, are certainly reminiscent of the sterna seen in some camarocarcinids, cenomanocarcinids and necrocarcinids, advocating for a raninoid affinity.
Planocarcinus olssoni (Rathbun, 1937) n. comb.
Fig. 3A-C
Dakoticancer olssoni Rathbun, 1937: p. 26, pl. 5, fig. 6 . Necrocarcinus olssoni (Rathbun, 1937); Feldmann, Villamil, and Kauffman, 1999: p. 91 . Necrocarcinus olssoni (Rathbun, 1937) ; Schweitzer, Feldmann, Garassino, and Schweigert, 2010: p. 81 . Necrocarcinus? olssoni (Rathbun, 1937) ; Schweitzer, Feldmann, González-Barba, and Vega, 2002: p. 37 . Necrocarcinus? olssoni (Rathbun, 1937) ; Guinot and Breton, 2006: p. 615. Orithopsis tricarinata (Bell, 1863) Regions defined by grooves; protogastric region slightly inflated, bearing three small, very short, round nodules behind the orbital rim (Fig. 3A, C, arrows) ; the two posterior tubercles positioned anterior of cervical groove, approximately at mid position of protogastric region, the most distal tubercle positioned near boundary between protogastric and hepatic regions; the most anterior tubercle smaller than the other two, positioned behind outer orbital spine. Mesogastric region narrow, weakly defined anteriorly and swollen, well defined posteriorly, lacking tubercles or spines. Metagastric region V-shaped, swollen, bounded anteriorly by cervical groove, and laterally by postcervical groove. Urogastric region short, narrow, depressed, delimited laterally by postcervical groove. Cardiac region narrow, elongated, lacking tubercles or spines, wider anteriorly, delimited laterally and posteriorly by deep branchiocardiac groove. Intestinal region narrow, very depressed, lacking tubercles or spines. Hepatic regions depressed. Epibranchial region very inflated proximally, and subtly laterally, bounded by cervical and postcervical grooves, bearing a boss. Mesobranchial and metabranchial regions undifferentiated, bearing a faint, oblique ridge lacking nodules or tubercles.
Material Examined.-The holotype and sole specimen USNM 495104, deposited in the National Museum of Natural History, Smithsonian Institution, Washington, D.C., United States.
Measurements.-Carapace maximum length: 20.5 mm; width, 24.0 mm; frontal-orbital margin: 9.8 mm.
Remarks.-Among Necrocarcinidae, Planocarcinus appears closer to Necrocarcinus than to any of the other genera. The configuration of the protogastric tubercles, with a small node anterior to the other tubercles and posterior to the orbital region, near the protogastric/hepatic boundary (Fig. 3A-B) , is also visible on other necrocarcinid species such as Necrocarcinus labeschei, N. pierrensis Rathbun, 1917 , N. davisi Bishop, 1985 , and N. rathbunae Roberts, 1962 (Rathbun, 1917 Förster, 1970; Bishop, 1985; Bishop and Williams, 1991; Guinot et al., 2008) . Necrocarcinus undecimtuberculatus (Fig. 3E) , from the upper Aptian of Japan (Takeda and Fujiyama, 1983; Fraaye, 1994; Schweitzer et al., 2003; Guinot et al., 2008) , also suggested as possibly related to the genus Paranecrocarcinus Van Straelen, 1936 (Takeda and Fujiyama, 1983; Guinot et al., 2008) , differs from P. olssoni n. comb. in the concave posterior margin, the less convex posterolateral margin, the branchial regions bearing three longitudinally spaced tubercles, and the developed eleven tubercles (Takeda and Fujiyama, 1983) .
Planocarcinus olssoni, together with Necrocarcinus inornatus Breton and Collins, 2011 , from the lower Cenoma-nian of France, and Paranecrocarcinus libanoticus Förster, 1968 , from the Cenomanian of Lebanon and France (Breton and Collins, 2011) , are the least ornamented necrocarcinids. Planocarcinus olssoni differs from both taxa in lacking a vaulted carapace bearing faint dorsal grooves, the absence of well-developed protuberances along the axial ridge, the narrower metagastric and urogastric regions, and the posterolateral margin deprived of granules.
The specimens illustrated in Vega et al. (2010: fig. 8 .18-20) as 'Orithopsis tricarinata' differ from P. olssoni on the sub-hexagonal nature of the carapace, with straight to slightly concave posterolateral margins, the narrow and relatively long bifid rostrum with sub-parallel lateral margins, the orbits wider than the rostrum, and the broader metagastric, urogastric, and cardiac regions. One dorsal specimen (Vega et al., 2010: fig. 8 .22) appears neither to be conspecific with O. tricarinata, nor congeneric with Orithopsis. Based solely on the preserved right carapace, a resemblance to Planocarcinus appears more plausible given the convex nature of the posterolateral margin and the nearly straight posterior margin. Unfortunately, the anterior half of the carapace and the fronto-orbital margin are eroded, precluding an accurate comparison with P. olssoni. Under the hypothetical scenario of a taxonomic relationship with Planocarcinus, the spatial and temporal range of the genus would be marked by its first appearance in the upper Aptian of Colombia, and its last appearance in the late Albian of Oregon. Secretan, 1964; N. bituberculatus Secretan, 1964 ; N. callianassarum (Fritsch and Kafka, 1887) ; N. denisae Secretan, 1964; N. exiguus Glaessner, 1980 ; N. fritschi Glaessner, 1929; N. japonicus (Jimbó, 1894) ; N. normani (Bell, 1863) ; N. parvus Rathbun, 1935 ; N. ripleyensis Rathbun, 1935 ; N. stokesii (Mantell, 1844) (type); N. xizangensis Wang, 1981 ; N. kerri n. sp.
Geologic Range.-Early Cretaceous (late Aptian) to Late Cretaceous (Campanian?).
Notopocorystes kerri n. sp. Fig. 4A -B Diagnosis.-Carapace small, moderately elongate, ovate, wider at anterior third; dorsal carapace finely granulated; cervical groove complete, well developed; mesial longitudinal ridge present, not ornamented, narrow and shallow; two small and rounded tubercles on protogastric region; frontoorbital region wide, slightly more than two-thirds carapace maximum width, two shallow orbital fissures; anterolateral margin bearing three short, weakly pronounced spines; posterior margin as wide as half carapace greatest width, and about two-thirds the fronto-orbital region.
Description.-Carapace small, elongate, ovate in outline, moderately vaulted transversely, less so longitudinally, with maximum width about four-fifths maximum length, located approximately at anterior third. Cervical groove well developed, deep, complete from side to side, only slightly interrupted axially by incipient mesial longitudinal ridge between mesogastric and metagastric regions, extending obliquely anterolaterally from axis, concave posterior to mesogastric region, less so posterior to protogastric region, and deflecting posterolaterally posterior to hepatic region. Postcervical grooves well developed, short, deep, arcuate, located at approximately medial portion of carapace, flanking the metagastric and urogastric regions. Branchiocardiac grooves shallow, faint, with muscle scars gently developed anterior to branchiocardiac and posterior to postcervical grooves. Mesial longitudinal ridge present, narrow, smooth, very shallow anteriorly, and slightly better developed posteriorly, non-tuberculate, excepting for a very small tubercle at metagastric region. Postfrontal region slightly lobate, gently sulcate postrostrally; dorsal carapace finely granulated; two small, distinct, rounded tubercles on protogastric region, located posterior to orbital rim and anterior to cervical groove.
Rostrum tip missing; fronto-orbital region wide, slightly more than two-thirds carapace maximum width; orbits transverse, nearly one-third the fronto-orbital region width, bearing two shallow, closed orbital fissures; inner orbital margin missing; medial orbital spine small, truncated, straight, sloping posterolaterally, nearly as large as postorbital spine; postorbital spine single, small, weakly produced, truncated, straight, sloping posteromesially, outer postorbital margin straight, converging anteriorly.
Anterolateral margin slightly convex, positioned in carapace anterior third, bearing three short, weakly pronounced spines; anteriormost spine subtriangular, well developed, placed at the level of lateralmost orbital fissure, with outer margin diverging anteriorly; median spine the smallest, weakly developed, subrounded; posteriormost spine subtriangular, well developed, immediately above cervical groove, with outer margin diverging anteriorly. Posterolateral margin long, three times as long as anterolateral margin, gently convex, bearing at least two very small, faint, smooth spines anteriorly. Posterior margin incomplete, apparently concave, as wide as half carapace greatest width, and about two-thirds the fronto-orbital region.
Etymology.-The trivial name honors Kecia Kerr, who greatly contributed in the discovery of the holotype. Remarks.-The palaeocorystid affiliation of Notopocorystes kerri is supported based on the possession of a fusiform, ovate carapace, covered with fine granules, with (Mantell, 1844) , hypotype (BMNH) In. 39366, dorsal carapace, lower Albian, England; D, Notopocorystes xizangensis, digital image from Wang (1981, pl. 2, fig. 1a ), Albian, Xizang, China. a distinctive cervical groove, bearing a mesial longitudinal ridge, and with more than three anterolateral spines. The genera Notopocorystes, Eucorystes Bell, 1863, and Cretacoranina Mertin, 1941, ranging Bishop and Williams (2000) , the holotype and sole specimen of Heus appears to lack diagnostic palaeocorystid features, such as an anterolateral margin bearing multiple spines and the broad fronto-orbital margin, plus the different dorsal ornamentation and carapace groove development, therefore suggesting removal from Palaeocorystidae, and rather placement within Raninidae as originally proposed by Bishop and Williams (2000) . Cenoco-rystes Collins and Breton, 2009 , originally considered a palaeocorystid, has been recently allied with Raninoidinae Lőrenthey (in Lőrenthey and Beurlen, 1929) (De Grave et al., 2009; Schweitzer et al., 2010) . Schweitzer and Feldmann (2001) highlighted the different degree of ornamentation on the dorsal carapace among palaeocorystid genera. A mesial ridge is present in all genera, appearing more developed in some Notopocorystes, and less in most Eucorystes and Cretacoranina. In Notopocorystes, the cervical groove is deep, the anterior dorsal ornamentation consists of nodes and tubercles. In Eucorystes, the cervical groove is shallow and the anterior dorsal ornamentation is constituted by a unique strap-like sculpted pattern of flattened vermiform ridges separated by grooves (McCoy, 1854; Bell, 1863; Tucker, 1998) . Cretacoranina has an incipient or barely perceptible cervical groove, a smoother dorsal surface, and lacks nodes, tubercles, or strap-like ornamentation (Mertin, 1941; Tucker, 1998) . The presence in Notopocorystes kerri of a deep cervical groove, a distinctive mesial longitudinal ridge, and two tubercle-like protuberances on the protogastric region, supports affiliation with the genus Notopocorystes within Palaeocorystidae.
Notopocorystes kerri differs from Albian notopocorystids in exhibiting a broader posterior third of the carapace, smaller anterolateral spines, lack of a postfrontal axial ridge or well developed lines of tubercles, and a subtle, nontuberculate longitudinal ridge (Fig. 4A-B) . In N. stokesii (Mantell, 1844) , from the Albian of England (Fig. 4C) , the posterior third of the carapace is narrower than in N. kerri, the spines on the anterolateral margin are better developed, the protogastric region possesses multiple tubercles, and the dorsal longitudinal ridge is well-developed and tuberculate, extending from the mesogastric to the urogastric region (McCoy, 1849; Glaessner, 1969; Collins, 1996; Tucker, 1998; Karasawa et al., 2011) . Notopocorystes bituberculatus Secretan, 1964 , from the Albian of Madagascar, possesses a characteristic axial row of paired tubercles, and a more elongated carapace than N. kerri, whereas N. xizangensis Wang, 1981 , from the Albian of China and Iran (Yazdi et al., 2009) (Fig. 4D) , shares with N. kerri the smooth longitudinal ridge lacking tubercles and with the postfrontal lobe ornamented only by two small protuberances on the protogastric region. However, the general carapace outline, the configuration of the orbital region and anterolateral and posterolateral margins, are different enough to warrant independent species assignation.
DISCUSSION Paleobiogeography
Planocarcinus olssoni (Fig. 5A) and N. undecimtuberculatus (Fig. 5E) , from the upper Aptian of Colombia and Japan, Paranecrocarcinus? kennedyi Wright, 1997 , from the Barremian of South Africa, and P. hexagonalis Van Straelen, 1936 , from the Neocomian of France (Table 1 ; Fig. 6A ), are the oldest known raninoids and suggest that the earliest frog crabs belong to the necrocarcinid-type. It must be noted that the affiliation of P.? kennedyi to Necrocarcinidae has been questioned Collins, 2010) , and that more precise chronostratigraphic information of the sole specimen of P. hexagonalis is still needed, since the Neocomian in France embraces from Berriasian, ∼145.5 Ma., to Hauterivian, ∼130 Ma., although a Hauterivian age has been suggested for the species (Wright and Collins, 1972; Guinot et al., 2008) . Notwithstanding the age uncertainty, P. hexagonalis stands as the oldest raninoid known to date. The appearance of a fusiform carapace is not documented until the upper Aptian, as represented by the palaeocorystid Notopocorystes kerri n. sp. (Figs. 5B, 7A ). Given the scarce representation of pre-Albian raninoid taxa (2 fam., 4 gen., 5 spp.) few interpretations of their early paleobiogeographic patterns can be made, except that Raninoida was already distributed worldwide (Figs. 6A, 7A) . In sharp contrast, the morphological diversity (4 fam., 10 gen., 31 spp.) (Fig. 4A) . Table 1 . Base maps modified after Scotese (2004) . Table 1 . Base maps modified after Scotese, 2004. ( Table 1 ) and cosmopolitan distribution reached during the Albian (Figs. 6B, 7B) , suggest the hypothesis of a rapid radiation of both body plans.
During the mid-Cretaceous, the world was characterized by much warmer global temperatures than today, with a low equatorial-pole temperature gradient, high concentrations of greenhouse gases including CO 2 , and CH 4 release from dissociation of methane clathrates (Barron, 1985; Barron and Washington, 1985; Berner, 1990; Wilson and Norris, 2001; Beerling et al., 2002; Jenkyns, 2003; Méhay et al., 2009) . The production of oceanic crust and emplacement of Large Igneous Provinces (Mahoney et al., 1993; Larson and Kincaid, 1996; Tejada et al., 1996; Larson, 1997; Larson and Erba, 1999) , together with an ice-free greenhouse world led to high global sea level, producing extensive large epicontinental seas (Herman and Spicer, 1996; Bice et al., 2003; Jenkyns et al., 2004; Hay, 2008; in Hay, 2011) . The separation of North America from northern South America led to the widening of the Caribbean Tethys, connecting to the Mediterranean Tethys to the east and the Central Pacific to the west (Figs. 6-7) . A Tethian Circumglobal Current (TCC), which separated northern from southern landmasses (Stanley, 1995; Poulsen et al., 1998) , allowed the mixture of waters from different oceanic basins. Although the strength, stability, uniformity and direction of the Cretaceous TCC have been debated, there is evidence for a complicated circulation pattern (Poulsen et al., 1998) characterized by a westbound flow (Luyendyk et al., 1972; Gordon, 1973; Berggren and Hollister, 1974; Lloyd, 1982; Föllmi and Delamette, 1991; Bush, 1997) , but also an eastward gyre along the northern margin of the Tethys Peterson, 1989, 1990) . The wide latitudinal distribution of midCretaceous raninoid crabs may be the product of a shallow latitudinal temperature gradient combined with a system of oceanic currents connecting polar regions with the tropics (Hay, 2011) . The Tethys Ocean is known to have acted as an important dispersal pathway for many groups of decapod crustaceans (Feldmann and Schweitzer, 2006) , and Raninoida appears to follow this pattern.
In addition to the occurrence of Planocarcinus and Notopocorystes in the Aptian of Colombia, Cenomanocarcinus Van Straelen, 1936 (Vega et al., 2010 , from the Upper Albian of Colombia, and Araripecarcinus Martins-Neto, 1987, from the lower-middle Albian of Brazil (Karasawa et al., 2008; Luque et al., under study) , suggest that Raninoida were well established in the Neotropics during the Early Cretaceous, and warrants considering the possible role of the Neotropics in the origin and diversification of frog crabs.
Systematic Issues
The six families comprising Raninoida are united by two synapomorphies: an elongated buccal cavity, and the mxp3 lying in two planes (Karasawa et al., 2011) . Therefore, these characteristics are expected to be present in the earliest common ancestor for the raninoidan body plans, which might have had its origins in the earliest Cretaceous, or even, the Late Jurassic (Wright and Collins, 1972; Collins, 1996) . Still, the question of what body plan is the ancestral condition is still poorly understood. The hypothesis advanced by Glaessner (1960) and Guinot et al. (2008) envisions Palaeocorystidae proximate to Necrocarcinidae stock (Fig. 1A) , and is supported by such synapomorphies as a distinct cervical groove, a longitudinal ridge or row of tubercles, an anterolateral margin provided with multiple spines, similar configuration of the thoracic sternum, and particularly the coxae of the last pereiopods separated enough to allow the pleon to be pressed against the sternum (Stenzel, 1945; Wright and Collins, 1972; Collins, 1996; Tucker, 1998; Karasawa et al., 2011) . Under this scenario, Guinot et al. (2008) shared Glaessner's (1960) point of view, which stated that the earliest palaeocorystid representatives (referring to Notopocorystes) "are closer to Necrocarcinus than to their living typical raninid descendants" (Glaessner, 1960: p. 46; Collins, 1996: p. 75; Guinot et al., 2008: p. 700) . For the clade Palaeocorystidae + (Cenomanocarcinidae + Necrocarcinidae) to be monophyletic, it must contain all the descendants of their latest common ancestor, and therefore Raninidae cannot be derived from Palaeocorystidae, contrary to what has been previously suggested (Bourne, 1922; Glaessner, 1960; Tucker, 1998; Guinot et al., 2008) . Since Raninidae + Symethidae is a monophyletic clade (Karasawa et al., 2011) , the innovation of a fusiform carapace must have evolved twice within Raninoida. However, no current paleontological evidence supports such a scenario, and therefore the hypothesis of a monophyletic Palaeocorystidae + (Cenomanocarcinidae + Necrocarcinidae) clade is rejected. Nevertheless, if considering the inverse scenario, where the fusiform anatomy would be the primitive condition for Raninoida, then the necrocarcinid-type body plan would have appeared once in the Camarocarcinidae + (Cenomanocarcinidae + Necrocarcinidae) clade, and probably derived from a palaeocorystid ancestor. This hypothesis, although plausible, is also not supported by any known paleontological evidence; therefore it is rejected.
The hypothesis of a monophyletic Palaeocorystidae + (Raninidae + Symethidae) clade (Fig. 1B) has been supported based on the shared fusiform carapace and the lack of pleonal locking mechanisms (Karasawa et al., 2011) . Under the premise that the necrocarcinid-type body plan is the primitive condition for Raninoida, as suggested by its earliest fossil representatives, the later innovation of the fusiform carapace is expected to have occurred once (Fig. 8) . Regarding the pleonal locking mechanisms, none has been reported in the necrocarcinid-like Camarocarcinidae to date, and conversely, locking mechanisms are present in the raninid subfamily Lyreidinae Guinot, 1993 (Lyreidus De Haan, 1841 , and Lysirude Goeke, 1985 (Guinot, 1993; Guinot and Bouchard, 1998) , typical frog crabs with living representatives, casting uncertainty on the trait as an informative character to unite Palaeocorystidae with the modern raninoids.
Although the hypothesis of a fusiform carapace appearing only once within Raninoida seems to be most parsimonious, given the unclear relationship among the principal body arrangements, plus the fragmentary fossil record of pre-Aptian raninoids, an unresolved polytomy is proposed (Fig. 1C) placing Palaeocorystidae in between the (Cenomanocarcinidae + Necrocarcinidae) and the (Raninidae + Symethidae) clades, until new paleontological material and phylogenetic analysis are available. The most basal palaeocorystids (Notopocorystes) would be expected to be closer to a hypothetical necrocarcinid-like ancestor rather than to their (Rathbun, 1935) , upper Albian, Texas; C. oklahomensis (Rathbun, 1935) , upper Albian, Oklahoma; C. renfroae (Stenzel, 1945) , upper Albian, Colombia; C. vanstraeleni Stenzel, 1945, upper Albian, Colombia (line drawing) . Necrocarcinidae: Paranecrocarcinus hexagonalis Van Straelen 1936, Neocomian, France; Planocarcinus olssoni n. comb., upper Aptian, Colombia (line drawing); Necrocarcinus bispinous Segerberg, 1900, lower Paleocene, Antarctica; N. insignis Segerberg, 1900, Paleocene (Danian) , Sweden and Denmark. Palaeocorystidae: Notopocorystes kerri n. sp., upper Aptian, Colombia (line drawing); Eucorystes eichhorni Bishop, 1983b , upper Campanian?, Montana. Raninidae: Lyreidinae: Hemioon cunningtonni Bell, 1863, upper Albian, England; H. elongatum (A. Milne-Edwards, 1862) , upper Albian, England, France, Czech, Germany, UK; H. novozelandicum Glaessner, 1980, upper Albian, New Zealand; H. yanini Ilyin and Alekseev, 1998 upper Albian, Crimea. Ranininae: Raninella armata Rathbun, 1935, upper Albian, Texas; R. atava Carter, 1898, upper Albian, England; R. mucronata Rathbun, 1935, upper Albian, Texas (line drawing from specimen of R. trigeri A. Milne-Edwards, 1862, illustrated in Waugh et al. (2009, fig. 5.3) ). Symethidae: Symethis coraliica Davie, 1989, recent; S. garthi Goeke, 1981 , recent (line drawing modified after Hendrickx, 1997 fig. 49a ); S. variolosa (Fabricius, 1793) , recent. Base tree modified after Karasawa et al. (2011, fig. 3 ). Dotted line indicates the uncertain phylogenetic affiliation of Palaeocorystidae with the clade Raninidae + Symethidae.
living relatives, whereas the rootstock of Raninidae may lie closer to the most derived Palaeocorystidae, e.g., Cretacoranina.
